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^^ZfJl^iSi^'liS'S;'^ • r ««P^ «f --'"^ *e tubing 

IKJWNHOLE WIRE LINE SYSTEM uito a substantially vertical passageway such as a weU bo«! 

FIELD OF THE INVENTION providing an open upper end of the tubing that is 

. Thisi„vennonrelatestodownhoIewi.linesysten.s 5 S.^^^^ 

and/or power conductoi^ extendina throu^rthTSje^^ S . r^"^ conductor. TTie weight must be 

articles of manufacture useful in the nSSSd. ' ^ Sh t!ir/n-, h '^"^^^'^^ -"""'"^^"^ 

"^^"g*? *e coiled tubing. The weight must also be flexible 

BACKGROUND OF THE INVENTION f "°"g^ ^? '"ove through small bends or other irregularities 

Downhole instruments or tools for subterranean weUs are ^" T ^^'u^ 

lowered down a weU bore and operated in a subterranean u "^^^^^ capable of performing these functions is one that 

reservoir to measure, for example, formation characteristics essentially no stiffness so that it can fall freely through 

such as bottom hole pressures and temperatures as a function 15 "^|"^^^es in the coiled mbing without imparting a side 

of time, and to perform many other measuring, control and °" a t ^^^^^ ^^^^^ ^^^"g» ^^^^^ would 

operaUonal tasks in a well. prevent further downward movement. Such a weight can be 

Tools of this type are typically lowered on a conductive S'^tJ.^wv^''T segmented structure such as a chain 

wire line. Hie wire line ^ fonned of coiled S ^'^S ^ or the hke. 

ranging from W-Vi" in diameter, within which one or more , " embodiments of the invention where the weight must 

conductors capable of transmitting a signal and/or power are T . i^itiaUy mto the coiled tubing, the weight must 

located. These conductors can be insulated conductor wires ^ ^ ^^^^ ^^^^^ great enough to prevent 

optical fibers or any other conductor capable of transmittin<^ t segments of the weight from bunching up or jamming 

signals and/or power to or from a downhole location ^ ® ®^ irregularity is encountered, but which 

The use of electrical conductors within a wire line is ^ n^?w^^!"^'?^-^ '''' u^"/'' ^""^ "^""^^ ""^^ ^""P^ ^ ^^^^ ^^ad 

known, and are described in U.S. Pat. Nos 5 122 209 and T u ^^"^ ^^'"^ is reached. A preferred form 

5,495,755, both of which are incoiporated here J by^^^ t!ntu T^'^V' ' '^"^"^ interiocking links that has 

ence. Because wire line tubing of this type comes in lengths Se ^ characteristics described 

greater than 10.000 feet, up to and longer than 20,000 feet * r u 

there has been difficulty in inserting the conductor in such u^^^ conductor and weight are inserted into the coiled 

. lengths of tubing. tubmg. they are allowed to fall by gravity through the tubing 

In the past, as described in U.S. Pat No 5 122 209 a speed until the desired length of conductor is 

plurality of electrical conductors have been forined within T^T ^^"^^^ ^" embodiments where, for example, 

the coiled nibing by feeding a flat metal strip and a2 *f, ^^^^^ "J^^^. 

conductors simultaneously through a series of tube-formine lu • ? . ^ ^ ^^ol can be used to assist 

dies, and then forming the tubing with the conductors in il '"'^'^l^" ^^^^^ *e tubing until there is 

by welding die elongated edges of the metal strip around the !^.v I u\^^ ""^'"^ *^ 

conductors. Such medi6ds have proved usefiil in the past ^ ^ conductor into the tubing. 

but problems have arisen. * The helical pitch of the coiled tubing is regulated so that 

For example, fabrication of a wire-in-a-tube by usino this *® /"^^^"^ contact between the outer surface of the 

method often resulted in an imperfection in the tube before ^^"^"^^or and the inner surface of the tubing is great enough 

the entire length of product is completed, which cannot be support the weight and conductor for preventing the 

repaired. This adds significant cost to the manufacturing ^.^"^"^5^^ l>reaking. After the conductor is i^^ 

process because of the high scrap rate ^^^"S' conductive wire-line assembly is wound on 

Moreover, with the advent of much deeper weUs, those '^^'^^ 

16.000 feet and deeper, relatively small diameter tubing BRIEF DESCRIPTION OF THE DRAWINGS 

formed of a high strength material such as INCOLOY 825® tk • • 

which has a relatively thick wall that is useful in such weUs* a • ^^^^^^lon can be better understood when the detaUed 
cannot be formed with a conductor in it. Annealing the so ^^^^P^^on of prefeired embodiments described below are 

tubing and drawing it down in size are necessary for ^^''/l" J^^^^ conjunction with the appended drawmgs. in 

eliminating microscopic circumferential cracks in the weld ^r-' 

and increasing the strength due to work hardening of the ^ ^ ^ schematic \dew of a conductive wire line being 

material. These steps cannot be performed with a conductor underground well; 

in the tubing. FIG. 2 is a sectional view of an insulated conductor inside 

Thus, there is a need for a method of making conductive ejection of coiled metal tubing of the conductive wire line 

wire line, especially those useful in today's deep weUs. ^ ^' 

which eliminates these problems. ' F^G. 3 is a schematic view of the conventional prior art 

SUMMARY OF TOE INVENTION ""ta^I^'T^ conductive wire luie; 
Pr,,Ki„™„j- J V .. ^ * . ^^^•^'''^schemanc View ofdies forming a Strip Of metal 

Problems discussed above have been solved by the inven- mto coUed tubing in accordance with the method of HG 3- 

StJof'^o^i.l "^^f. ^"^S " nG-5isaschematicview.inaccordancewiththepresen; 

mS '° '^"S* of <=°"<»"«0' being inserted into coiled S thS 

bSn tii^S^lf^Sn ^T'^^' ""^ ™" ^ underground well from a co^vention^ 

be in the form of an insulated conductor wire, optical fibers, 65 wire line truck- convcnuonai 

?ot'S£S/SeS?"'"' "^"^^ P^""' 6isap/anviewof.heoutersurfaceofthedownhole 

end of the coUed tubing in HG. 5. with its outer surface 
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shaped by a forming tool in accordance with the present 
invention so that a weight in the form of a sinker bar can be 
connected to the tubing for pulling the tubing into the well 
bore and sealing the tubing; 

FIG. 7 is a partial sectional view of the weight connected 
to the tubing; 

FIG. 8 is a partial sectional view of the connection 
between the exposed end of the coiled tubing and a holding 
fixture connected to the wire line truck; 

FIG. 9 is a partial sectional view of the coiled tubing in 
FIG. 5 inside a lubricator of an underground well showing 
in particular the helical shape of the tubing after it has hit the 
bottom of the well and the tension in the tubing is relaxed; 

FIG. 10 is a schematic view of a conductor extending into 
the coiled tubing and being unwound from a reel; 

FIGS. 11 and 12 are front and side plan views of a section 
of jeweler's chain useful as a weight for lowering a con* 
ductor into the tubing; 

FIG. 13 is a partial sectional view of the connection 
between the chain of FIGS. 11 and 12 and the conductor; 

FIG. 13A is a schematic drawing showing a minimum 
bend radius in the chain of FIGS. 11 and 12; 

FIG. 14 is a schematic view of the pusher tool for pushing 
the chain of FIGS. 11 and 12 into the tubing; and 

FIGS. 15-17 are partial sectional views of the pusher tool 
and chain in FIG. 14, showing in particular the chain being 
pushed into the tubing. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

The invention relates to an improved method of inserting 
one or more conductors in a length of coiled tubing of the 
type used in conductive wire line for downhole operations. 
In broad general terms, the method involves inserting the 
conductor into the coiled tubing and letting the conductor 
fall by gravity after the- tubing is run into a weU or the like. 
The invention also relates to various articles of manufacture 
Aat are useful in performing the method. 

Coiled tubing is a relatively small diameter metal conduit 
that is wound on a reel, which has a helical shape or residual 
curvature when the tubing is unwound from the reel due to 
an inherent memory in the metal. Conductive wire line is a 
length of coiled tubing used primarily in downhole 
applications, which includes one or more signal or power 
transmitting conductors extending through the coiled tubing. 

Atypical use for conductive wire line is shown in FIG. 1, 
where a wire line 10 is spooled or coiled on a drum or reel 
12 that is mounted on a wire line truck 14. The wire line 10 
is unwound from the drum 12 and, after passing through 
rollers 16 and over sheaves 18 and 20, is lowered into an 
underground well 22 through a lubricator 24 and a well head. 
A tool 26, for example, a logging tool, is motmted on the end 
of the wire line 10 for performing a down hole operation. 

The lubricator 24 includes a packing 28 at the upper end 
for forming a seal around the wire line 10 and an isolating 
valve 30 at the lower end for isolating the lubricator 24 from 
the well. A hydraulic pump 32 located outside the lubricator 
24 pressurizes the packing 28 for effecting the seal. 

As shown in FIG. 2, the wire line 10 is a conductive wire 
line formed of coiled tubing 34 and a conductor 36 that 
extends through the tubing 34, which is capable of trans- 
mitting signals or power. In use, the conductor 36 maintains 
a helical shape inside the tubing 34, due to its own inherent 
memory, which has the advantage of supporting the con- 
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ductor 36 inside the tubing 34 through the frictional inter- 
face between die outer surface of the conductor and the inner 
surface of the tubing, as described in U.S. Pat. No. 5,495, 
755. Without this support, for the lengths typically used, the 
5 weight of the conductor 36 in the well bore is greater than 
its break strength. Thus, the conductor 36 cannot isupport its 
own weight and would break without this frictional hold-up 
force. 

This inherent helical shape of the conductor is one of the 

'0 problems that must be overcome if the conductor is to be 
inserted into the tubing in accordance with the present 
invention. Thus, unless the conductor is straightened, the 
conductor cannot fall by gravity through the coiled tubing. 
At the same time, however, there must be suflBcient frictional 

*5 contact between the outer surface of the conductor and the 
inner surface of the coiled tubing so that the weight of the 
conductor is supported by the mbing. 

Moreover, when a length of coiled tubing in excess of 
1»000 ft., and up to and greater than 20,CX)0 ft., is unwound 
from a reel and suspended in a well, the coiled tubing also 
has an inherent helical shape. The conductor, in addition to 
being straight, must also be able to travel through the helical 
bends in the tubing and bends or curves caused by any 
irregularities in the well. 

In addition to these problems, the difficulty of inserting 
conductors in coiled tubing that has already been formed can 
be appreciated considering the relatively small inner diam- 
eter of the tubing (an outer diameter of l/s'-Vi" minus the 
wall thickness) and length of the tubing (greater than 1,000 
ft. and up to and greater than 20,000 ft.), and the fragile 
nature of the conductors (e.g.. insulated electrical wire, 
optical fibers and the like). The challenge is especially 
daunting for inserting a wire of. for example, about 0.055" 
in diameter in a length of coiled tubing in excess of 1,000 ft., 
and up to and greater than 20,(XX) ft., having an iimer 
diameter as small as 0.089", which is less than two times the 
diameter of the conductor 36. The invention described in 
detail below provides a solution for this extremely difl&cult 

^ technical problem. 

In the past, such wire-in-a-tube, conductive, wire-line 
assemblies were manufactured by forming the tubing aroimd 
a conductor, as described in detail in U.S. Pat. No. 5,122, 
209. Briefly, by way of background, FIGS. 3 and 4 illustrate 

45 the method described in that patent, in which a conductor 36 
that is spooled on a reel 42 is fed simultaneously with a 
metal strip 44 that is spooled on a reel 46. The metal strip 44 
and conductor 36 are fed through a series of rollers 48, 50 
and 52, which bend and roll the strip 44 into the mbing 34, 

30 with the conductor 36 inside the tubing 34. A spring 54 
extends into the tubing 34 before the edges of the strip 44 are 
welded together by a welding station 56, for protecting the 
conductor 36 from damage. The final wire-in-a-tube product 
is then wound on a reel 58. 

55 While this process has been successful in forming con- 
ductive wire line, the process is expensive and prone to a 
high rejection rate. Oftentimes, an imperfection occurs along 
the length of the tubing. Such imperfections cannot be 
repaired, requiring that length of tubing to be scrapped, 

60 which adds substantially to the manufacturing costs of the 
final product. 

The method of the present invention is an improvement 
over previously used methods of placing one or more 
conductors in coiled tubing. The method utilizes coiled 
65 tubing manufactured by conventional techniques without 
any conductors in it. Generally, this tubing is lowered in a 
conventional way into an underground well or other type of 
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vertical passageway through which the tubing can extend A tviv> nf ^si-^ ., u- ^ • ,. 

conductoristheninsertedintothetubingandaUovStofaS TmiHi'f^ typ.cdiy has an outer diameter of 

by gravity through the tubing. «« w lau ; A inatenal for which the invention is particularly 

A novel weight formed of an elongated segmented stoic- SlVan T^Su!^^^^^^^^ ^ 

also be formed with a minimum bend radius for prev^S of conductor that can be used in conjunction 

the links from bunching up or jamming when Ae ?E2 ^"T^'^r^'^'^''^ '^^PP^^ 38 

be pushed into the tubing to get it started when fc^ e^Zif 20 ^0 gauge nickel-plated copper wire. The 
the conductor must passVou^S of^' A^o^^^ 

it can fall vertically into the tobing. Details of a piefeaed 2 ^2?? ^ °^ P"'^^"'^- 'P^" MIL-8138/ 

embodiment of the weight are deLbedin laS^SS InniinT ^ '^"^''^ P^'^^'^'* « 

below. f P^.^.'*. a known way to seal the tape and impit>ve 

Jjeuseofsuchachainisthefirsttimeaknown workable « SSSrSindl": ' """^ '"'"'^^ 

cTnrtoSnSLtiStSs^^^^^ ^^"''-Kr --•'^ - 

like. Although seve,^ pdfr ait paten?sSe«^ome SSe ^Z f^ ""f ' °^ transmitting signals. Odier 

problems that might be encountered. ^SweTSSo^s IZ Ji conductors could also be used. TTie invention 
were disclosed. worKawe solutions ^ contemplates encompassing any type of signal or power 

For examole in U S Pat No 1 R^<; 090 , - m ^^^'^ng conductor, or some combination thereof, that is 

is generaUytrnfdL^tg^S^^^^^^ ^Xtil"^'"^ "^"^ ^ ^"^^ ^ '^^^^^'^ 

"STn^t:^^^^^^^^^^ co;^e^c?""fre/rt*r""^^T-^^'^^«- 

this so-called guide means. An alternative method involvW SlGS^6 J^f f I 'IL ."^ J^^'^'^Tu*'^ ''"^'^ ""^ »^ 

pumping the cable through the tubing is mentioned w3 ^n^St ^' 'I u^'^".^ °^ "^^^^ ^- "^^ 

does not work because a sufficient foire SZ? ^^'aroUed €^3^1^ , ''" ^ ^'"^^^ 

to move the cable thixjiTgh the mbing iS iSS r'"™^ leading end of the tubing34 as 

where"te™oc%tt'S^^^^^^^^ - desUr"*' ^ ^^'"^^ *^ 

being lowered through coUed tubing exttnl? aton^ th^ S^Sd j"' « 'T^i"^ patent application Ser. No. 08/666. 

outer surface of weU casing, a sinker line foS of '^olf^riS t ^"'^''^'^ 

wire with beads crimped onto the wire about V^" aSS incom^^rt r t^"'' " " " ' "PPUcation is 

described as being able to pull an elongated sen^in» .^«n^ incorporated by reference herem as though fully set forth, is 

downwardandstrfightenaTbe^Tdfi^TSX^r^^^^ ^SJ: ^ZXIV^^'^LV' ""'^^ 
it is said to be flexible is too «;tiff tn rrnvpi ti.r^„^i, V ^""^^^ tube 34. The tube 34 is then inserted through 

radius bendsJ^aS^rinTpSaSe toS^ ^"0"*^^' ^!''T'J^' *^ ^ ^"^^ - 

tubing due to its. inherent^tiffhess. T^ul nerAer of tlSe h^ JcZl^V'''^l^'^'''i^''^^^ 

patents constitutes an enabling disclosure of a workable w^v ^w^ Ji^Tr ""^^^ * "^P^ '^"^"8 '"^'^^ •'y 

of inserting a conductor in coUed tubing t^arhl Xadv fo ,hf L t °'^"'T "."f^'' *° ""^^^^ ^ ^'"^^^ 

been placed in a substantiaUy vertical p'assCway'bylj^i: £.m fl^Sn ^etel^ '"''"^ °' ^''^^ ^ 

mg the conductor to fall freely by gravity through any small -r^ c , ,1 f 

bends or other irregularities in the tubing until the conductor »■> a * ^"^^^elok® fitting includes ferrules 78A. 80A and 

is fiiUy inserted. *2A for engagmg the grooves 78, 80 and 82, respectively 
One way of peifoiming the invention, which solves these " J^H ^T^^a ^^^.^^ 82Aare held in place between nuts 77 

problems, is shown in HG. 5. Hie nibi;n4 k sP^led o^ Ztll.^t'' T" ^1 "^^^ ^ « 

a reel 60 that is mounted on a conventioLl wL IhTe mick .n J.Sf , . ^^ ?P "^^ ^ ^ 

62. The nibing 34 is transported to rweU s^te or mh.r T " p^^T' °" *® " "PPer 

location where a verticrSSway of sdtaSe dLt?t ^««'«»8«A afer the sinker bar is competed to the tiibing^ 

simated. Asecondreel 100 oH^SSnductS isSed f^rt^'^''- '^'^ "^""^^ ^^'^S "^'^'s' 

can also be mounted on tiie wire Une tSSeSSfy ^°''*'"«^»8*c sinker bar 86 from the weU. 

a faculty can be simated near a well site or the like for y,,rJ. "I f ' '"^'"^ ^ (including the sinker 

performing the function of the wire Une truck 62 f connected its leading end), is passed over a lower 
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discussed above, but these features have been omitted from 
FIG. 5 for ease of illustration. 

As the tubing is unwound from the reel 60, it has a helical 
shape caused by the inherent memory of the material of the 
tubing. Initially, the weight of the sinker bar 86 straightens 
the coiled tubing 34 and pulls it into the well. After gravi- 
tational forces pull the sinker bar 86 and tubing 34 a certain 
distance, the weight of the tubing 34 in combination with the 
weight of the sinker bar 86 will straighten the tubing 34 and 
pull it to the bottom of the well or until the sinker bar 86 is 
stopped by a bridge plug (not shown) set at a desired depth 
in the well. At this point in time, when there is no pulling 
force acting on the coiled tubing 34, it will have a helical 
shape inside the lubricator 67 and in the well as shown 
schematically in FIG. 9. 

The tubing 34 is then disconnected from the reel 60, and 
connected to the truck by using a holding fixture 91 like the 
one shown in FIG. 8, so that the conductor 36 can be inserted 
in tubing 34. Because the tubing is resting on the bottom of 
the well or on a bridge plug or the like in the well, the tubing 
34 can be disconnected from the reel 60 and not held at the 
well surface. Alternatively, the tubing 34 could be held in 
place in the well by using known slips or the like. 

The tubing 34 is then connected to the truck in this 
embodiment of the invention through an arm 89 that is 
connected to the truck 62. The tubing 34 is mounted in a 
holding fixture 91 that is connected to the arm 89 through a 
bolt 93. After a groove 95 is formed in the outer surface of 
the tubing 34 as shown in FIG. 8 by the same grooving tool 
mentioned above and described in pending U.S. patent 
application Sen No. 666.846, filed Jun. 6, 1996, described 
above, a standard Swagelok® fitting 97 (including a ferrule 
97A and backwards nut 97B) is used to connect the tubing 
34 to the fixture. A plastic guide bushing 99 can be placed 
on the end of the tubing 34 for preventing the insulation or 
cladding on the outer surface of the conductor 36 from 
dragging on the shaip inside edge of the tubing 34 when it 
is inserted in the direction of arrow C as shown in FIG. 8. 

Because of the inherent memory of the coiled tubing 34, 
it maintains a helical shape in the lubricator 67 and in the 
well, as shown in FIG. 9, when the truck 62 is not pulling 
on the tubing 34 and holding it in tension. The pitch of this 
helical shape can be regulated, for the reasons discussed 
below, by moving the truck 62 back and forth as indicated 
by two-headed arrow 74 in HG. 5, which movement 
straightens or relaxes the tubing 34. 

Before the conductor 36 is inserted into the coiled tubing, 
an elongated weight such as a chain 118 shown in FIGS. 11 
and 12 is connected to the leading end 116 of the conductor 
36 (see FIG. 13) for straightening the conductor 36 and 
pulling the conductor 36 into the tube 34. The elongated 
weight must have essentially no stiffness so that it can fall 
through small bends and other irregularities in the coiled 
tubing without imparting a side load onto the irmer surface 
of the tubing, which would result in a frictional hold-up 
force. Such a weight can be formed of an elongated seg- 
mented structure such as a chain with interlocking links or 
the like. Alternatively, a beaded chain (not shown) of the 
t> pe used as a pull for light fixtures could be used provided 
it had sufficient density to provide the needed weight. 
Segmented weights of these types have sufficient flexibility 
to pass through irregularities in the coiled tubing caused by 
its inherent helical shape or by irregularities in the well 
casing that cause bends in the coiled tubing. 

In embodiments of the invention where the weight must 
be pushed initially into the coiled tubing to get it started, for 
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example, where it must pass through bends of 90* or 180"* 
before it can fall vertically, the weight must be formed with 
a minimum bend radius for preventing the links from 
bunching up or jamming when such irregularities are 

5 encountered. The minimum bend radius of a chain of the 
type shown in FIGS. 11 and 12 is illustrated in FIG. 13A. 
The radius line R depicts the minimum bend radius of the 
chain 118 when it is looped, and the ends of the chain 118 
are pulled in the direction of arrows 119 until the chain locks 

10 and will not bend any further. 

A weight found to satisfy these requirements is 180 S.A. 
54 jewelry chain, which is formed of brass. As shown in 
FIGS. 11 and 12, the links of this chain are different from the 
links in a conventional chain because they have been roll- 

>5 formed into a round cross-sectional shape, to where the ends 
of each link are oriented at about 90° relative to each other 
as shown in the link 120 in FIG. 11. This shape substantially 
reduces the gaps between adjacent links and has the effect of 
providing a chain with a relatively high density 

20 (approximately 7 specific gravity), so that the weight has 
more weight per unit of length. A distinct advantage of this 
higher density chain is that a shorter lengdi can be used to 
provide the required weight for initially pulling the conduc- 
tor 36 into the tubing 34. 

*^ The interlocking links 120 can be compressed for con- 
trolling the minimum bend radius of the chain 118. For the 
puiposes of the invention, a minimum bend radius is pref- 
erably set within a range of about *4"-24*', and more 
preferably at about 4". The chain can be purchased with the 
links already roll formed. The links can be compressed by 
passing the chain through a rolling mill of the type known 
to jewelers. A length of about 600 ft. of roll-formed brass 
chdn (180 S.A. 54) with a minimum bend radius of about 4" 
(which weighed 6-7 lb.), was found satisfactory to perform 
the method in accordance with the invention as described. 

An advantage of the roll-formed chain 118 shown in 
FIGS. 11 and 12 is that it can be pushed into the coiled 
tubing without bunching up and jamming when it reaches a 
bend or other irregularity. When the invention is performed 
in a well of the type shown in FIG. 1. which has a lubricator 
and well head, the ability to push the chain initially through 
90" and/or ISO** bends over several pulleys and into the well 
can be important. 

43 However, if the chain can be dropped directly into the 
well as it is unwound from a reel, it might not have to be 
pushed. In such a case, the weight can be formed of a 
conventional linked chain that does not have any significant 
minimum bend radius. The interlocking links provide suf- 

3Q ficient flexibility for allowing the chain to pass through 
small bends and irregularities in the tubing. 

Although conventional linked chain can be used in such 
situations, a roll-formed and compressed chain of the type 
shown in FIGS. 11 and 12, where the links are twisted so that 

ss the ends of each link are oriented at 90^ relative to each 
other, has the advantage that it has about twice flie density 
of the conventional linked chain and is therefore about twice 
the weight per unit length, so that only half the length must 
be used. 

60 The chain 118 with interlocking links constructed as 
described above, is connected to the leading end 116 of the 
conductor 36, as shown in FIG. 11, by using a known type 
of crimp connection. The insulation 40 is stripped from die 
leading end 116 exposing a short length of wire 38. The wire 

65 38 is msened into one end of a crimp connection 122. A loop 
of steel wire 124 is passed through the outside link 120 of 
the chain 118 and inserted into the other end of the crimp 



